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$EVWUDFW7KLVZRUNSURSRVHVWRDQDO\VHWKHGLIIHUHQWDVSHFWVWKDWVKRXOGEHWDNHQLQWRDFFRXQWIURPWKHILEUHH[WUDFWLRQ 
IURPSODQWVWRWKHIRUPLQJSURFHVVWRDFKLHYHFRUUHFWSDUWIRUPLQJ7KHVWXG\ZLOOIRFXVLQDILUVWH[WHQWRQWKHLPSDFWRI 
WKH WH[WLOHRSHUDWLRQV OHDGLQJWRWKH\DUQPDQXIDFWXULQJ7KHSURSHUWLHVRI WKHIOD[IDEULFZLOO WKHQEHDVVRFLDWHGWR LWV 
EHKDYLRXU GXULQJ H[SHULPHQWDO IRUPLQJ DQG UHODWHG WR WKH SRVVLEOH DSSHDUDQFH RI GHIHFWV VXFK DV WRZ EXFNOLQJ DQG 
VROXWLRQVWRSUHYHQWLWVDSSHDUDQFHLVZLGHO\GLVFXVVHG
,1752'8&7,21
1DWXUDO ILEUHV KDYH ORQJ EHHQ FRQVLGHUHG DV SRWHQWLDO UHLQIRUFLQJ PDWHULDOV RU ILOOHUV LQ WKHUPRSODVWLF RU 
WKHUPRVHW FRPSRVLWHV 1XPHURXV VWXGLHV GHDO ZLWK WKH VXEMHFW >@ 1DWXUDO ILEUHV DUH SDUWLFXODUO\ LQWHUHVWLQJ 
EHFDXVHWKH\DUHUHQHZDEOHKDYHORZGHQVLW\DQGH[KLELWKLJKVSHFLILFPHFKDQLFDOSURSHUWLHV7KH\DOVRVKRZQRQ 
DEUDVLYHQHVVGXULQJSURFHVVLQJDQGPRUHLPSRUWDQWO\ELRGHJUDGDELOLW\$ODUJHDPRXQWRIZRUNKDVEHHQGHYRWHGWR 
LGHQWLI\ WKH WHQVLOH EHKDYLRXU RI LQGLYLGXDO ILEUHV RU JURXS RI IHZ ILEUHV RI GLIIHUHQW QDWXUH DQG RULJLQ >@ 
+RZHYHUIHZVWXGLHVGHDOZLWKWKHVXEMHFWRIWKHPHFKDQLFDOEHKDYLRXURIILEUHDVVHPEOLHVDQGSDUWLFXODUO\DQDO\VH 
WKHGHIRUPDELOLW\RIWKHVHVWUXFWXUHV
6SHFLILFKLJKSHUIRUPDQFHUHLQIRUFHPHQWVDUHUHTXLUHGWRPDQXIDFWXUHVWUXFWXUDORUVHPLVWUXFWXUDOELRFRPSRVLWH 
SDUWV HVSHFLDOO\ IRU WKH DXWRPRWLYH LQGXVWU\ 1HZ IOD[ DQG FRPLQJOHG IOD[ELRSODVWLF UHLQIRUFHPHQWV KDYH EHHQ 
HODERUDWHG LQ WKLV JRDO ,I ODUJH SDQHOV KDYH EHHQ UHDOLVHG ZLWK D JRRG VXFFHVV WKH IHDVLELOLW\ WR PDQXIDFWXUH 
FRPSOH[VKDSHVSDUWXVLQJDVKHHWIRUPLQJSURFHVV>@HVSHFLDOO\ZLWKQDWXUDOILEUHEDVHGUHLQIRUFHPHQWVZLWKRXW 
GHIHFW LV VWLOO D FKDOOHQJH 3UHYLRXV VWXGLHV >@ GHPRQVWUDWHG WKDW FRPSOH[ VKDSH SDUWV FRXOG EH DFKLHYHG E\ 
XVLQJVSHFLILFDOO\SUHSDUHGIDEULFVZLWKSDUWLFXODUSURFHVVSDUDPHWHUV
+RZHYHUWKLVUHTXLUHVWKDWVSHFLILFFDUHDOODORQJWKHGLIIHUHQWRSHUDWLRQVOHDGLQJWRWKHSDUWPDQXIDFWXUHGXHWR 
WKHXVHRIILQLWH OHQJWKQDWXUDOILEUHV LV WDNHQLQWRDFFRXQW,W LVDOVRQHFHVVDU\ZKHQXVLQJDJUREDVHGPDWHULDO WR 
UHGXFHWKHLPSDFWRIWKHSDUWPDQXIDFWXULQJLQFRPSDULVRQWRV\QWKHWLFWHFKQRORJ\7KHHQHUJ\FRQVXPSWLRQIRUWKH 
SURGXFWLRQRI\DUQ VKRXOGEHNHSW ORZDQG WKHSRVVLEOH IDEULF WUHDWPHQWV VKRXOGKDYHDPLQLPXP LPSDFWRQ WKH 
HQYLURQPHQW$VDFRQVHTXHQFHWKHPDQXIDFWXULQJSURFHVVHVQHHGWREHDGDSWHGDQGRSWLPLVHGWRUHDFKWKLVJRDO
0RUHRYHU LW LV DOVR LPSRUWDQW ZKHQ FRQVLGHULQJ WKH PDQXIDFWXULQJ SURFHVVHV WR PD[LPLVH WKH PHFKDQLFDO 
SRWHQWLDO RI WKH YHJHWDO ILEUHV 7KLV PHDQV WKDW LW LV LPSRUWDQW WR PLQLPL]H WKH OHQJWK UHGXFWLRQ RI ILEUHV RU WKH
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DSSHDUDQFHRIGHIHFWV VXFKDVGLVORFDWLRQVRUNLQNEDQGVGXULQJ WKH ILEHU H[WUDFWLRQDQG WKH\DUQSUHSDUDWLRQ7R 
PDQXIDFWXUHKLJKSHUIRUPDQFHFRPSRVLWHSDUWVLWLVQHFHVVDU\WRRUJDQL]HDQGWRDOLJQWKHILEHUV$VDFRQVHTXHQFH 
DOLJQHGILEHUVDUFKLWHFWXUHVVXFKDVXQLGLUHFWLRQDOVKHHWVQRQFULPSHGIDEULFVDQGZRYHQIDEULFVELGLUHFWLRQDODUH 
XVXDOO\XVHGDVUHLQIRUFHPHQW
,QWKH/LTXLG&RPSRVLWH0ROGLQJ/&0IDPLO\ WKH5HVLQ7UDQVIHU0RXOGLQJ570SURFHVVKDV UHFHLYHGD 
ODUJHDWWHQWLRQ LQ WKH OLWHUDWXUH >@DQGSDUWLFXODUO\ WKH VHFRQG VWDJHRI WKHSURFHVVGHDOLQJZLWK WKH LQMHFWLRQRI 
UHVLQ LQ SUHIRUPHG GU\ VKDSHV DQG WKH SHUPHDELOLW\ RI WKH UHLQIRUFHPHQWV >@ 7KH ILUVW VWDJHRI WKLV SURFHVV 
FRQVLVWVLQIRUPLQJGU\UHLQIRUFHPHQWV,QFDVHRIVSHFLILFGRXEOHFXUYHGVKDSHVZRYHQIDEULFVDUHJHQHUDOO\XVHGWR 
DOORZLQSODQHVWUDLQQHFHVVDU\IRUIRUPLQJZLWKRXWGLVVRFLDWLRQRIWKHWRZV
7KHPRGLILFDWLRQRIWKHWRZRULHQWDWLRQDQGORFDOYDULDWLRQVRIILEUHYROXPHIUDFWLRQKDYHDVLJQLILFDQWLPSDFWRQ 
WKHUHVLQLPSUHJQDWLRQVWHSDVWKHORFDOSHUPHDELOLWLHVLQSODQHDQGWUDQVYHUVHRIWKHUHLQIRUFHPHQWPD\EHDIIHFWHG 
>@ ,Q WKH PRVW VHYHUH FDVHV WKH SO\ RI IDEULF FDQ ZULQNOH RU ORVH FRQWDFW ZLWK WKH PRXOG KHQFH VHYHUHO\ 
UHGXFLQJWKHTXDOLW\RIWKHILQLVKHGSURGXFW>@$QRWKHUGHIHFWFDOOHGWRZEXFNOLQJKDVDOVREHHQUHSRUWHGIRUIOD[ 
ZRYHQIDEULFV>@$VWKHTXDOLW\RIWKHSUHIRUPLVRIYLWDOLPSRUWDQFHIRUWKHILQDOSURSHUWLHVRIWKHFRPSRVLWH 
SDUWVLWLVLPSRUWDQWZKHQIRUPLQJRIFRPSOH[VKDSHLVFRQVLGHUHGWRSUHYHQWWKHDSSHDUDQFHRIVXFKGHIHFWV
6HYHUDOH[SHULPHQWDOGHYLFHVKDYHEHHQVHWXSWRLQYHVWLJDWHWKHGHIRUPDWLRQPRGHVDQGWKHSRVVLEOHRFFXUUHQFH 
RIGHIHFWVGXULQJIRUPLQJRIWH[WLOHUHLQIRUFHPHQWV+HPLVSKHULFDOSXQFKDQGGLHV\VWHPVZHUHSDUWLFXODUO\VWXGLHG 
EHFDXVHWKHVKDSHLVUDWKHUVLPSOHLWLVGRXEOHGFXUYHGDQGEHFDXVHLWOHDGVWRODUJHVKHDUDQJOHVEHWZHHQWKHWRZV 
>@ ,Q WKLV SDSHU DQ H[SHULPHQWDO GHYLFH LV SUHVHQWHG WR IRUP VHYHUH VKDSHV $V DQ H[DPSOH WHWUDKHGURQ 
JHRPHWU\LVFRQVLGHUHGDVLWLVPXFKPRUHGLIILFXOWWRIRUPWKDQKHPLVSKHULFDOVKDSHVHVSHFLDOO\LIWKHUDGLXVHVRI 
FXUYDWXUHDUHVPDOO
7KLVSDSHU WKHUHIRUHSURSRVHV WRDQDO\]H WKH IHDVLELOLW\RI IRUPLQJ WKHPHQWLRQHGFRPSOH[VKDSHZLWKQDWXUDO 
ILEHUVEDVHGZRYHQ IDEULF UHLQIRUFHPHQWV$ VSHFLDO DWWHQWLRQ LVJLYHQRQ WKHGHIHFWV WKDW PD\ DSSHDUGXULQJ WKH 
GLIIHUHQWVWHSVOHDGLQJWRWKHIRUPDWLRQRIWH[WLOHVWUXFWXUHVDQGWKHQGXULQJWKHFRPSOH[IRUPLQJRIZRYHQIDEULFV 
7KH WRZ EXFNOLQJ GHIHFW LV SDUWLFXODUO\ GLVFXVVHG DQG D GLVFXVVLRQ XSRQ WKH ZD\ WR SUHYHQW WKHLU DSSHDUDQFH LV 
SUHVHQWHG

(;3(5,0(17$/352&('85(6
$ /DURFKH )UDQFH &DGHWWH  ³$OO )LEUH´ H[WUDFWLRQ HTXLSPHQW ORFDWHG LQ WKH $*520$7 SODWHIRUP 
7DUEHV)UDQFHWKHWHFKQRORJLFDOWUDQVIHUKDOORI/DERUDWRLUHGH&KLPLH$JURLQGXVWULHOOHZDVXVHGWRVHSDUDWHWKH 
GLIIHUHQWYHJHWDOIUDFWLRQVIURPDOOWKHROHDJLQRXVIOD[VWUDZEDWFKHVFRQVLGHUHGLQWKLVZRUN7KHGHYLFHZDVXVHGWR 
LQYHVWLJDWHWKHHIIHFWRIWKHILEUHH[WUDFWLRQVWHSRQWKHPRUSKRORJLFDODQGPHFKDQLFDOSURSHUWLHVRIWKHILEUHV
7KH GLIIHUHQW VWHSV OHDGLQJ WR WKH SURGXFWLRQ RI D \DUQ ZHUH DOVR LQYHVWLJDWHG 7KLV LQYROYHV GLIIHUHQW WH[WLOH 
RSHUDWLRQVVXFKDVFDUGLQJGUDZLQJDQG\DUQPDQXIDFWXULQJVXFKDVVSLQQLQJIRUH[DPSOH
$GHYLFHVSHFLILFDOO\GHVLJQHG WRDQDO\]H WKH ORFDOVWUDLQVGXULQJ WKH IRUPLQJRI UHLQIRUFHPHQW IDEULFV >@ LV 
SUHVHQWHGRQ)LJXUHD

),*85(D'HVFULSWLRQRIWKHGHYLFHE7HWUDKHGURQSXQFKF)OD[IDEULFG)OD[WRZ

7KHPHFKDQLFDOSDUWFRQVLVWVRIDSXQFKRSHQGLHFRXSOHDQGDFODVVLFDOEODQNKROGHUV\VWHP7KHGLHLVRSHQWR 
DOORZ WKH PHDVXUHPHQW RI WKH ORFDO VWUDLQV GXULQJ WKH SURFHVV ZLWK WKH FDPHUDV DVVRFLDWHG WR PDUNV WUDFNLQJ 
WHFKQLTXH7KHPRWLRQRIWKHSXQFKLVJLYHQE\DSLORWHGHOHFWULFMDFN1LQHLQGHSHQGHQWEODQNKROGHUVDVVRFLDWHGWR 
SQHXPDWLF MDFNV FDQ EH DFWLYDWHG XQGHU WKH ZRYHQ IODW IDEULF 'LPHQVLRQV SRVLWLRQV DQG VSHFLILFDOO\ YDULDEOH 
SUHVVXUHRQHDFKRIWKHVHEODQNKROGHUVFDQEHHDVLO\FKDQJHGWRLQYHVWLJDWHWKHLULQIOXHQFHRQWKHTXDOLW\RIWKHILQDO 
SUHIRUP7KLVGHYLFHKDVEHHQGHYHORSHGWRSUHIRUPGLIIHUHQWVKDSHV6HYHUHGRXEOHFXUYHGVKDSHVFRQWDLQLQJIDFHV 
HGJHVDQG WULSOHSRLQWVDW WKH LQWHUVHFWLRQRI WKHHGJHDUHFRQVLGHUHG7KH WHWUDKHGURQSXQFKXVHG LQ WKLVZRUN LV 
SUHVHQWHGRQILJXUHE
5(68/76
)LEHU([WUDFWLRQDQG<DUQ0DQXIDFWXULQJ
'XULQJDVWXG\FRQGXFWHGRQIOD[VWHPVLWZDVVKRZHGWKDWGLIIHUHQWSURFHVVSDUDPHWHUVFDQEHRILPSRUWDQFH 
ZKHQFRQVLGHULQJWKHILEHUH[WUDFWLRQ3DUWLFXODUO\LWZDVVKRZHGWKDWLWLVLPSRUWDQWWRDYRLGWKHPXOWLSOLFDWLRQRI 
H[WUDFWLRQRSHUDWLRQVDQG WKDW WKH OHYHORIPRLVWXUHRI WKH VWUDZZDVDNH\SDUDPHWHU WRH[WUDFW WKH ILEHUVZLWKD 
PLQLPXPDPRXQWRIGHIHFWVDQGDOVRWRNHHSWKHILEHUEXQGOHOHQJWKDVORQJDVSRVVLEOH
2Q WKH VDPH VWXG\ LW ZDV DOVR LQYHVWLJDWHG LI WKH WH[WLOH RSHUDWLRQV OHDGLQJ WR WKH \DUQ PDQXIDFWXULQJ FRXOG 
DIIHFW WKHSURSHUWLHVRI WKH LQGLYLGXDO IOD[ ILEHUV&DUGLQJ LVD UHODWLYHO\DJJUHVVLYHSURFHVV WKDWPD\DIIHFW LI WKH 
SURFHVVSDUDPHWHUV DUHQRWZHOO VHW XS WKH ILEHUSURSHUWLHV%\XVLQJDJRRG VHW RISURFHVVSDUDPHWHUV LQDJRRG 
HQYLURQPHQWWHPSHUDWXUHDQGKXPLGLW\RQHFDQJOREDOO\DYRLGWKHORVVRISK\VLFDODQGPHFKDQLFDOSURSHUWLHV7KH 
HIIHFWRIWKHGUDZLQJRSHUDWLRQDVZHOODVWKH\DUQPDQXIDFWXULQJZDVDOVRLQYHVWLJDWHGDQGLWZDVVKRZHGWKDWLQWKH 
FRQGLWLRQVRIRXU VWXG\ WKDW WKHSURSHUWLHVRI WKH LQGLYLGXDO ILEHUV DVZHOO DV WKH ILEHUEXQGOHVZHUHQRWJOREDOO\ 
DIIHFWHGE\WKHVHWH[WLOHRSHUDWLRQV
(YHQLI\DUQGHIHFWVVXFKDVORVVHVRIILEHUGHQVLW\>@PD\WDNHSODFHGXULQJWKHWH[WLOHPDQXIDFWXULQJRUWH[WLOH 
IRUPLQJ WKLV GHIHFW FDQ JOREDOO\ EH LQ D ODUJH PDQQHU SUHYHQWHG E\ XVLQJ \DUQV ZKLFK SRVVHVV VXIILFLHQWO\ KLJK 
HQRXJKPHFKDQLFDOSURSHUWLHV$VDFRQVHTXHQFHWKHUHVWRIWKHVWXG\ZLOOPRUHFRQFHQWUDWHRQWKHGHIHFWVWKDWPD\ 
WDNHSODFHGXULQJWKHFRPSOH[IRUPLQJRIIDEULFVPDQXIDFWXUHGIURPVHOHFWHGIODW\DUQV
0DWHULDOV3URSHUWLHVDQG*OREDO3UHIRUP$QDO\VLV
7KHIOD[IDEULF)LJXUHFXVHGLQWKLVVWXG\LVDSODLQZHDYHIDEULFZKLFKDUHDOZHLJKWLVRIDERXWJP 
PDQXIDFWXUHGE\WKH*URXSH'HSHVWHOH)UDQFH7KHIDEULFLVQRWEDODQFHG7KLVIDEULFLVFRQVWLWXWHGRIFRQWLQXRXV
WRZVILJXUHG*HQHUDOO\ZKHQQDWXUDOILEUHVDUHFRQVLGHUHGWZLVWHG\DUQVDUHHODERUDWHGWRLQFUHDVHLWVWHQVLOH
SURSHUWLHV,QGHHGDVGLVFXVVHGE\*RXWLDQRVet al. >@VXIILFLHQWWHQVLOHSURSHUWLHVRIWKH\DUQVDUHQHFHVVDU\IRU
WKHVHRQHVWREHFRQVLGHUHGIRUWH[WLOHPDQXIDFWXULQJRUIRUSURFHVVHVVXFKDVSXOWUXVLRQRUILODPHQWZLQGLQJ,QWKLV
VWXG\ WKH IOD[ WRZVXVHG WRHODERUDWH WKHSODLQZHDYH IDEULF DUHXQWZLVWHG DQGH[KLELW D UHFWDQJXODU VKDSH7KH
ILEHUVRUJURXSVRIILEHUVDUHVOLJKWO\HQWDQJOHGWRSURYLGHDPLQLPXPULJLGLW\WRWKHWRZV7KLVJHRPHWU\KDVEHHQ
FKRVHQ DV LW JHQHUDWHV ORZ EHQGLQJ VWLIIQHVV WRZV WKHUHIRUH OLPLWLQJ WKH FULPS HIIHFW LQ WKH IDEULF DQG WKHUHIRUH
OLPLWLQJHPSW\]RQHVEHWZHHQWRZV,WKDVDOVREHHQFKRVHQEHFDXVHIDEULFPDQXIDFWXUHGIURPKLJKO\WZLVWHG\DUQV
H[KLELWORZSHUPHDELOLW\SUHYHQWLQJRUSDUWLDOO\SUHYHQWLQJWKHXVHRISURFHVVHVIURPWKH/&0/LTXLG&RPSRVLWH
0RXOGLQJ IDPLO\ 8QWZLVWHG WRZV KDYH DOVR EHHQ FKRVHQ EHFDXVH PDQXIDFWXUHG FRPSRVLWHV GLVSOD\ EHWWHU
PHFKDQLFDOSURSHUWLHVWKDQFRPSRVLWHVPDGHZLWKWZLVWHG\DUQV>@
$W WKH ORFDOVFDOHDQDQDO\VLVRI WKHVKHDUDQJOHV >@RI WKHVWXGLHGIDFHVKRZV WKDW WKHYDOXHVDUH UHODWLYHO\
KRPRJHQHRXVDQGEHORZWKHORFNLQJDQJOH,WKDVDOVREHHQVKRZQWKDWEXFNOHVGHIHFWVPD\WDNHSODFHGXULQJWKH
SURFHVV>@
$QLQLWLDOVTXDUHVSHFLPHQRIWKHIOD[IDEULFLVSRVLWLRQHGZLWKVL[EODQNKROGHUVSODFHGRQVSHFLILFSODFHVDURXQG
WKHWHWUDKHGURQSXQFK2QHDFKRIWKHPDSUHVVXUHRIWZREDULVDSSOLHG7KHPD[LPXPGHSWKRIWKHSXQFKLV
PP$WWKHHQGRIWKHIRUPLQJSURFHVVDQHSR[\UHVLQVSUD\LVDSSOLHGWRWKHSUHIRUPVRWKDWWKHVKDSHLVIL[HGLQ
LWVGHIRUPHGVWDWH
$QLQLWLDOVTXDUHVSHFLPHQRIWKHIOD[IDEULFLVSRVLWLRQHGZLWKVL[EODQNKROGHUVSODFHGRQVSHFLILFSODFHVDURXQG
WKHWHWUDKHGURQSXQFK2QHDFKRIWKHPDSUHVVXUHRIRQHEDULVDSSOLHG7KHPD[LPXPGHSWKRIWKHSXQFKLV
PP$WWKHHQGRIWKHIRUPLQJSURFHVVDQHSR[\UHVLQVSUD\LVDSSOLHGWRWKHSUHIRUPVRWKDWWKHVKDSHLVIL[HGLQLWV
GHIRUPHG VWDWH7KHSUHIRUP LQ LWV ILQDO VWDWH LVSUHVHQWHG LQ)LJXUHD$W WKH VFDOHRI WKHSUHIRUP WKHREWDLQHG
VKDSH LV LQJRRGDJUHHPHQWZLWK WKHH[SHFWHG WHWUDKHGURQSXQFK7KH IDEULF LVQRWXQZHDYHGRQIDFHVRUHGJHV
6RPHZULQNOHVDSSHDU)LJDDWWKHVXUURXQGLQJRIWKHXVHIXOSDUWRIWKHSUHIRUP
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D E
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
F G


),*85(D3UHIRUPDQG:ULQNOHVE=RRPRQEXFNOHVF3RVLWLRQRIEXFNOHVGWRZRULHQWDWLRQ

7KHSRVLWLRQDQGWKHVL]HRIWKHVHZULQNOHVGHSHQGRQWKHEODQNKROGHUSRVLWLRQDQGRQWKHSUHVVXUHWKH\DSSO\RQ
WKHIDEULF7KHSURFHVVSDUDPHWHUVQXPEHUDQGSRVLWLRQRIEODQNKROGHUVFKRLFHRIWKHSXQFKHWFDQGWKHLQLWLDO
SRVLWLRQLQJRI WKHIDEULFKDYHDVLJQLILFDQW LQIOXHQFHRQ WKH ILQDOVKDSH7KHVHDVSHFWVZLOOEHSUHVHQWHG LQIXWXUH
ZRUNV$WWKHORFDOVFDOHLWLVSRVVLEOHWRDQDO\]HGXULQJWKHSURFHVVWKHHYROXWLRQRIWKHVKHDUDQJOHEHWZHHQWRZV
:HIW
DQGWKHORQJLWXGLQDOVWUDLQDORQJWKHWRZV'XULQJWKHIRUPLQJVWDJHWKHZRYHQWH[WLOHLVVXEPLWWHGWRELD[LDOWHQVLOH
GHIRUPDWLRQLQSODQHVKHDUGHIRUPDWLRQWUDQVYHUVHFRPSDFWLRQDQGRXWRISODQHEHQGLQJGHIRUPDWLRQV,IDOOWKHVH
FRPSRQHQWVFDQEHVLJQLILFDQWWKHIHDVLELOLW\WRREWDLQWKHH[SHFWHGVKDSHLVODUJHO\GHSHQGHQWRQWKHLQSODQHVKHDU
EHKDYLRU2Q WKH IRUPHG WHWUDKHGURQ IDFHV YDOXHVRI WKHPHDVXUHG VKHDU DQJOH DUH UHODWLYHO\ KRPRJHQHRXV >@
7KHVHYDOXHVGRQRWUHDFKWKHORFNLQJDQJOHDERYHZKLFKGHIHFWVVXFKDVZULQNOHVDSSHDU
%XFNOHV'HIHFW
$W WKH SUHIRUP VFDOH EXFNOHV RU WRZ EXFNOLQJ )LJXUH E DSSHDUV RQ IDFHV DQG RQ RQH HGJH RI WKH IRUPHG
WHWUDKHGURQVKDSH7KHVHEXFNOHV]RQHVFRQYHUJHWRWKHWULSOHSRLQWWRSRIWKHWHWUDKHGURQIURPWKHERWWRPRIWKH
VKDSH)LJXUHFGHSHQGLQJRQWKHLQLWLDORULHQWDWLRQRIWKHIDEULF'XHWRWKLVGHIHFWWKHWKLFNQHVVRIWKHSUHIRUPLV
QRWKRPRJHQHRXV7KHKHLJKWRIVRPHRIWKHEXFNOHVFDQUHDFKPPQHDUWKHWULSOHSRLQW'XHWRWKLVWKLFNQHVVLQ
KRPRJHQHLW\JHQHUDWHGE\WKHVHEXFNOHVWKHSUHIRUPFRXOGQRWEHDFFHSWHGIRUFRPSRVLWHSDUWPDQXIDFWXULQJ
$WWKHIDEULFVFDOHWKHEXFNOHVDUHWKHFRQVHTXHQFHRIRXWRISODQHEHQGLQJRIWKHWRZVSHUSHQGLFXODUWRWKRVH
SDVVLQJE\WKHWULSOHSRLQW7KHWRZVSDVVLQJE\WKHWULSOHSRLQWYHUWLFDORQHVDUHUHODWLYHO\WLJKW2QWKHFRQWUDU\
WKHWRZVSHUSHQGLFXODU WR WKHRQHSDVVLQJE\WKHWULSOHSRLQWDUHQRW WLJKWDQGWKHVL]HRI WKHEXFNOHVGHSHQGVRQ
WKRVH WRZV WHQVLRQ ,Q WKLV ]RQH WKHUH LV QR KRPRJHQHLW\ RI WKH WHQVLOH GHIRUPDWLRQ 7KLV LV LOOXVWUDWHG E\ WKH
RULHQWDWLRQRIWKHWRZVSHUSHQGLFXODUWRWKHRQHSDVVLQJE\WKHWULSOHSRLQWRQERWKVLGHVRIWKHEXFNOH]RQHGUDZQ
ILJXUHG7KHVH
WRZVDUHFXUYHGLQVWHDGRIEHLQJVWUDLJKWDQGWKLVSKHQRPHQRQLVSUREDEO\DWWKHRULJLQRIWKHEXFNOHV
7R LQYHVWLJDWH WKH DSSHDUDQFH RI WKH GHIHFWV WZR LQLWLDO SRVLWLRQLQJ RI WKH IDEULF KDYH EHHQ WHVWHG 7KHVH
SRVLWLRQVDUHVKRZQLQ)LJXUHVDQG
)LJXUHVKRZVWKDWLQWKHFDVHRIWKHRULHQWDWLRQEXFNOHVRQO\DSSHDURQHGJHDQGRQWKHPLGGOHRIIDFH
1REXFNOHVDUHREVHUYHGRQIDFHVDQG
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


:DUS


DLQLWLDORULHQWDWLRQRIWKHIDEULFE/RFDOLVDWLRQRIWKHEXFNOHV
 ),*85(/RFDOL]DWLRQRIWKHEXFNOH]RQHIRULQLWLDOIDEULFRULHQWDWLRQRI

$VWKHEHQGLQJRIWKHWRZVSHUSHQGLFXODUWRWKHRQHVSDVVLQJE\WKHWULSOHSRLQWLVWKHPHFKDQLVPVVXSSRVHGWR
EHDW WKHRULJLQRI WKHEXFNOLQJGHIHFWPHDVXUHPHQWVRI WKHEHQGLQJDQJOHVRQHDFKIDFHVKDVEHHQFDUULHGRXW
5HVXOWVDUHSUHVHQWHGLQ7DEOH
 7$%/(%HQGLQJDQJOHRIWKHKRUL]RQWDOWRZVPHDVXUHGRQWKHEXFNOH]RQHRULHQWDWLRQ
)DFHQXPEHU   
%HQGLQJDQJOH

   
:
DUS


7DEOHVKRZVWKDWWKHEHQGLQJDQJOHVDUHJOREDOO\VLWXDWHGLQWKHVDPHUDQJHRIYDOXHV7KHEHQGLQJDQJOHVRQ
IDFHVDQGDUHVOLJKWO\PRUHSURQRXQFHGWKDQWKHRQHPHDVXUHGRQ)DFH6LPLODULQYHVWLJDWLRQVZHUHFDUULHGRXW
IRURULHQWDWLRQ)LJXUHVKRZVWKDWLQWKLVFDVHRIVWXG\WKDWWKHEXFNOHVFDQEHREVHUYHGLQIDFHVDQGRQO\
)RUWKHRULHQWDWLRQQREXFNOHVDUHREVHUYHGRQIDFHDQGRQHGJHDVLWZDVWKHFDVHIRURULHQWDWLRQ

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









:HIW



 ),*85(/RFDOLVDWLRQRIWKHEXFNOH]RQHIRULQLWLDOIDEULFRULHQWDWLRQRI

 7KHEHQGLQJDQJOHVRI WKHWRZVH[KLELWLQJEXFNOLQJRQWKHIDFHVRI WKHVKDSHZHUHDOVRPHDVXUHG7KH
YDOXHVDUHUHSRUWHGLQ7DEOH

 7$%/(%HQGLQJDQJOHRIWKHKRUL]RQWDOWRZVPHDVXUHGRQWKHEXFNOH]RQHRULHQWDWLRQ
)DFHQXPEHU      
%HQGLQJDQJOH

     

 )RU RULHQWDWLRQ  WKH PHDVXUHG EHQGLQJ DQJOHV DUH VLWXDWHG LQ WKH VDPH UDQJH RI YDOXHV DV WKH RQHV 
PHDVXUHGIRUWKHIDFHIRURULHQWDWLRQ$VDFRQVHTXHQFHWKHEHQGLQJRIWKHWRZV)LJXUHGLVQRWUHVSRQVLEOH 
IRUWKHFKDQJHVRIWKHEXFNOH]RQHORFDWLRQIRUWKHWHVWHGRULHQWDWLRQV7KHLQLWLDOUHLQIRUFHPHQWRULHQWDWLRQVHHPV 
WREHFUXFLDO$VDFRQVHTXHQFHEHQGLQJLVQRWDVXIILFLHQWFULWHULRQWRSUHGLFWWKHDSSHDUDQFHRIWKHEXFNOHV
6ROXWLRQVWR3UHYHQW'HIHFWV
6ROXWLRQVEDVHGRQWKHGHVLJQRIVSHFLILFIDEULFV
7KHUHLQIRUFHPHQWFRQVLGHUHGLQWKLVVWXG\LVQRWEDODQFHG7KHWRZVXVHGLQWKHZDUSDQGWKHZHIWGLUHFWLRQV 
DUHVLPLODU+RZHYHUDVSDFHEHWZHHQWKHZHIWWRZVDERXWWKHZLGWKRIDWRZLVREVHUYHGRQWKHIDEULFZKHUHDV 
WKLVVSDFHLVQRWSUHVHQWEHWZHHQWKHZDUSWRZV$VEXFNOHVRQO\DSSHDURQEHQGLQJ]RQHVZKHUHWKHZHIWWRZVDUH 
YHUWLFDO IDFH  DQG HGJH  RULHQWDWLRQ  DQG IDFH  DQG IDFH  RULHQWDWLRQ  RQH FDQ FRQFOXGH WKDW WKH 
DUFKLWHFWXUH RI WKH UHLQIRUFHPHQW LV D NH\ SDUDPHWHU FRQGLWLRQLQJ WKH DSSHDUDQFH RI WKH EXFNOHV :KHQ WKH ZDUS 
WRZV DUH YHUWLFDO ZLWKRXW DQ\ VSDFH EHWZHHQ WKHP WKH EXFNOHV GR QRW DSSHDU HYHQ WKRXJK WKH KRUL]RQWDO WRZV 
H[KLELWWKHVDPHDPRXQWRIEHQGLQJ7KLVVXJJHVWVWKDWWKHSUHVHQFHRIWKHVSDFHEHWZHHQWKHZHIWWRZVLVRQHRIWKH 
SDUDPHWHU WKDW FRQWUROV WKH DSSHDUDQFH RI WKH EXFNOHV $V D FRQVHTXHQFH RQH FDQ H[SHFW WKDW D EDODQFHG ZRYHQ 
IDEULF ZLWK QR VSDFH EHWZHHQ WKH ZDUS DQG WKH ZHIW WRZV VKRXOG QRW VKRZ WKH DSSHDUDQFH RI EXFNOHV 7KLV
K\SRWKHVLV ZDV WHVWHG RQ D QHZ UHLQIRUFHPHQW HVSHFLDOO\ PDQXIDFWXUHG E\ *URXSH 'HSHVWHOH WR SUHYHQW WKH
DSSHDUDQFH RI WKH EXFNOHV 7KLV UHLQIRUFHPHQW LV D EDODQFHG SODLQ ZHDYH IDEULF DOVR PDQXIDFWXUHG IURP IODW
XQWZLVWHGWRZV)LJXUHVKRZWKDWWKHK\SRWKHVLVLVYHULILHGDVQREXFNOHVDUHREVHUYHGZKHQWKHWHWUDKHGURQVKDSH
LVIRUPHGZLWKWKHVDPHSURFHVVLQJFRQGLWLRQV





Ϯϭ͘ϲŵŵ  Ϯϭ͘ϲŵŵ ϮϬŵŵ
&ĂĐĞϭ &ĂĐĞϮ &ĂĐĞϯ







ϭϲŵŵ Ϯϭ͘ϲŵŵ Ϯϭ͘ϲŵŵ



 ),*85(D)RUPLQJRIDEDODQFHGSODLQZHDYHIDEULFESODLQZHDYHDUFKLWHFWXUH
6ROXWLRQVEDVHGRQWKHSURFHVVLQJSDUDPHWHUV
6ROXWLRQV WR SUHYHQW WKH DSSHDUDQFH RI WRZ EXFNOHV E\ XVLQJ D VSHFLILFDOO\ GHVLJQHG IDEULF VXFK DV WKH RQH 
SUHVHQWHG LQ )LJXUH  PD\ QRW EH FRQYHQLHQW IRU IRUPLQJ HYHU\ JHRPHWULHV DV RWKHU GHIHFWV VXFK DV PHPEUDQH 
ZULQNOLQJPD\KDSSHQ$VDFRQVHTXHQFH LWZRXOGEHYHU\PXFKLQWHUHVWLQJWRLQYHVWLJDWHVROXWLRQVEDVHGRQWKH 
RSWLPL]DWLRQRIWKHIRUPLQJSURFHVVSDUDPHWHUV,QDSUHYLRXVZRUN>@LWZDVVKRZQWKDWWKHVL]HRIWKHWRZEXFNOH 
PD\EHUHGXFHGE\FKRRVLQJWKHULJKWEODQNKROGHUSUHVVXUHZLWKRXWJHWWLQJULGRIWKHP,QWKHVDPHZRUNLWZDV 
DUJXHGWKDWWKHGHVLJQRIWKHEODQNKROGHUVZDVQRWFRPSOHWHO\VXLWDEOHIRUEXFNOHVXSSUHVVLRQ
,QWKLVZRUNVSHFLDOO\GHVLJQHGEODQNKROGHUVZHUHGHVLJQHGWRDSSO\VSHFLILFSUHVVXUHWRWKHIDEULFDWWKHULJKW 
SRVLWLRQ %RWK WKH WRZ EXFNOHV DQG WKH H[FHVVLYH WHQVLOH VWUDLQ LQ WRZV DUH ORFDOL]HG LQ ]RQHV FORVH WR WKH WRZV 
SDVVLQJE\WKHWRSRIWKHWHWUDKHGURQ,QWKLV]RQHWKHYHUWLFDOWRZVSDVVLQJE\WKHWULSOHSRLQWDUHWRRWLJKWLQWKH 
WKUHHIDFHVDQGRQWKHHGJHRSSRVHGWR)DFH7KHSHUSHQGLFXODUWRZVPD\VKRZWKHSUHVHQFHRIWRZEXFNOHVSDUWO\ 
UHVXOWLQJRI WKHEHQGLQJ LQ WKHLUSODQHRI WRZVDQGDOVRSUREDEO\EHFDXVHRID WRRORZWHQVLRQRI WKHVH WRZV7KH 
EDVLVRIWKHQHZEODQNKROGHUJHQHUDWLRQWKHUHIRUHFRQVLVWVLQUHGXFLQJSUHVVXUHLQWKHYHUWLFDOWRZVDQGWRLQFUHDVH 
WKHWHQVLRQRIWKHKRUL]RQWDORQHV$VFKHPDWLFGLDJUDPRIWKHEODQNKROGHULVSUHVHQWHGLQ)LJXUH,QVWHDGRIWKH 
LQLWLDO EODQN KROGHUV )LJXUH D WKH QHZ EODQN KROGHU JHQHUDWLRQ FRQVLVW RI  EODQN KROGHUV ZLWK VSHFLILF 
JHRPHWULHV7KHEODQNKROGHUV LPSRVH WHQVLRQV WR WKHPHPEUDQHDQGSDUWLFXODUO\ WR WKHEHQW WRZVH[KLELWLQJ WRZ 
EXFNOHV%HWZHHQ WKHEODQNKROGHUVHPSW\]RQHVKDYHEHHQ OHIW WRUHOHDVH WKH WHQVLRQRI WKH WRZVVKRZLQJ WRR 
KLJKWHQVLOHVWUDLQV,WFDQEHQRWHGWKDWVPDOOEODQNKROGHUVFRXOGEHXVHGWRILOOXSWKHVSDFHVDQGLPSRVHDORFDO 
SUHVVXUHWRWKLV]RQHLIQHFHVVDU\


),*85(%ODQNKROGHUV¶GHVLJQV

$WZLOOZHDYHIDEULFH[KLELWLQJODUJHWRZEXFNOHVZKHQXVLQJWKHILUVWVHWRIEODQNKROGHUV)LJXUHDZDVXVHG
7KHVDPHWZLOOZHDYHIDEULFZDVXVHGWRLQYHVWLJDWHWKHSRVVLEOHVXSSUHVVLRQRIWKHWRZEXFNOHVE\XVLQJWKHQHZ
GHVLJQHGEODQNKROGHUV
)LJXUHVKRZVWKHGLIIHUHQFHEHWZHHQIRUPLQJZLWKWKHILUVWVHWRIEODQNKROGHUVDQGIRUPLQJZLWKWKHVSHFLDOO\
GHVLJQHGEODQNKROGHUV

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



7RZEXFNOHV








D1RQRSWLPLVHG
SURFHVVSDUDPHWHUV
ERSWLPLVHGSURFHVV
SDUDPHWHUV

),*85(,QIOXHQFHRISURFHVVLQJSDUDPHWHUVRQWRZEXFNOLQJ

)LJXUHVKRZVWKDWWKHWRZEXFNOHVFDQEHVXSSUHVVHGE\GHVLJQLQJVSHFLILFEODQNKROGHUZLWKRSWLPL]HGDSSOLHG
SUHVVXUHVIRUWKHWZLOOZHDYHIDEULF$VLPLODUVWDWHPHQWFDQDOVREHPDGHIRUWKHQRQEDODQFHGSODLQZHDYHIDEULF
VWXGLHGLQWKLVZRUN7KLVLVVKRZQRQ)LJXUH


















),*85(8QEDODQFHGSODLQZHDYHIDEULFZLWKRXWWRZEXFNOHV

7KLV GRFXPHQW ZDV SUHSDUHG XVLQJ WKH $,3 3URFHHGLQJV WHPSODWH IRU0LFURVRIW:RUG ,W SURYLGHV D VLPSOH
H[DPSOHRIDSDSHUDQGRIIHUVJXLGHOLQHVIRUSUHSDULQJ\RXUDUWLFOH+HUHZHLQWURGXFHWKHSDUDJUDSKVW\OHVIRU/HYHO
/HYHODQG/HYHOKHDGLQJV3OHDVHQRWHWKHIROORZLQJ
&21&/86,216
7KLVZRUNGHPRQVWUDWHVWKDWLWLVQRZSRVVLEOHWRSUHYHQWWKHDSSHDUDQFHRIGHIHFWVDWWKHILEUHOHYHOGXULQJWKH
SUHOLPLQDU\SUHSDUDWLRQVWHSVIURPWKHILEUHH[WUDFWLRQWRWKH\DUQPDQXIDFWXULQJDVZHOODVGXULQJWKHIRUPLQJRI
QDWXUDOILEUHEDVHGIDEULFV'HIHFWVVXFKDVWRZEXFNOHVFDQEHSUHYHQWHGE\RSWLPL]LQJWKHSURFHVVSDUDPHWHUV,WLV
WKHUHIRUHQRWQHFHVVDU\ WRVSHFLDOO\RSWLPL]H WKH IDEULF WRSUHYHQW WKLVGHIHFW$VDFRQVHTXHQFHDZLGHUDQJHRI
UHLQIRUFHPHQWVZLWKGLIIHUHQWDUFKLWHFWXUHVFDQEHFRQVLGHUHGZKHQIRUPLQJFRPSOH[VKDSHVVXFKDVDWHWUDKHGURQ
5()(5(1&(6
 /D0DQWLD)30RUUHDOH0Green composites: A brief review &RPSRVLWHV3DUW$SS

 6DW\DQDUD\DQD.*$UL]DJD**&:\S\FK )Biodegradable composites based on lingo cellulosic 
fibers—An overview3URJUHVVLQ3RO\PHU6FLHQFHSS±
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